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 Hrvatska komora inženjera šumarstva i drvne tehnologije (Croatian Chamber of Forestry and Wood Technology Engi-
neers) osnovana je na temelju Zakona o Hrvatskoj komori inženjera šumarstva i drvne tehnologije (NN 22/06).
Komora je samostalna i neovisna strukovna organizacija koja obavlja povjerene joj javne ovlasti, čuva ugled, čast i 
prava svojih članova, skrbi da ovlašteni inženjeri obavljaju svoje poslove savje sno i u skladu sa zakonom te promiče, 
zastupa i usklađuje njihove interese pred državnim i drugim tijelima u zemlji i inozemstvu.
Članovi Komore:
•  inženjeri šumarstva i drvne tehnologije koji obavljaju stručne poslove iz područja šumarstva, lovstva i drvne teh-
nologije.
Stručni poslovi (Zakon o HKIŠDT, članak 1):
•  projektiranje, izrada, procjena, izvođenje i nadzor radova iz područja uzgajanja, uređivanja, iskorištavanja i otvaranja 
šuma, lovstva, zaštite šuma, hortikulture, rasadničarske proizvodnje, savjetovanja, ispitivanja kvalitete proizvoda, 
sudskoga vje štačenja, izrade i revizije stručnih studija i planova, kontrola projekata i stručne dokumentacije, izgrad-
nja uređaja, izbor opreme, objekata, procesa i sustava, stručno ospo sob ljavanje i licenciranje radova u šumarstvu, 
lovstvu i preradi drva.
Javne ovlasti Komore:
•  vodi imenik ovlaštenih inženjera šumarstva i drvne tehnologije,
•  daje, obnavlja i oduzima licencije (odobrenja) pravnim i fizičkim oso bama za obavljanje radova iz područja šumarstva, 
lovstva i drvne tehnologije,
•  utvrđuje profesionalne obveze članova i njihovo obavljanje u skladu s kodeksom strukovne etike,
•  provodi stručne ispite za ovlaštene inženjere,
•  drugi poslovi koji su utvrđeni kao javne ovlasti.
Akti koje Komora izdaje u obavljanju javnih ovlasti, javne su isprave.
Ostali poslovi koje obavlja Komora:
•  promiče razvoj struke i skrbi o stručnom usavršavanju članova,
•  potiče donošenje propisa kojima se utvrđuju javne ovlasti Komore u skladu s kriterijima europske i svjetske prakse,
•  zastupa interese svojih članova,
•  daje stručna mišljenja kod pripreme propisa iz područja šum arstva, lovstva i drvne tehnologije,
•  organizira stručno usavršavanje svojih članova,
•  izdaje glasilo Komore te druge stručne publikacije.
Članovima Komore izdaje se rješenje, pečat i iskaznica ovlaštenoga inženjera. Za uspješno obavljanje zadataka te pos-
tizanje ciljeva ravnopravnoga i jednakovrijednoga zastupanja struka udruženih u Komoru, članovi Komore organizirani 
su u strukovne razrede:
•  Razred inženjera šumarstva,
•  Razred inženjera drvne tehnologije.
Članovi Komore imaju odgovornosti u obavljanju stručnih poslova sukladno zakonskim i podzakonskim aktima te 
Kodeksu strukovne etike.
SUMMARY

















ANALYSIS OF SOILS SPATIAL DIFFERENTIATION 
AND PRODUCTIVITY IN FOREST MANAGEMENT 
UNIT MUZLJANSKI RIT
PROSTORNA ANALIZA TALA I UTJECAJ NA PRODUKTIVNOST  
U GOSPODARSKOJ JEDINICI MUŽLJANSKI RIT
Zoran GALIĆ1, Alen KIŠ2, Radenko PONJARAC3, Miljan SAMARDŽIĆ1, Anđelina GAVRANOVIĆ4,  
Zoran NOVČIĆ1, Irina V. ANDREEVA5
UDK 630* 114 (001) Izvorni znanstveni članci – Original scientific papers 
https://doi.org)10.31298/sl.145.9-10.3 Šumarski list, 9–10 (2021): 445–457
al., 2001, Fuhrer et al., 2009). Actual trends in society de-
liberately direct the elevating utilization of forest functions, 
considered by increasing number of authors as ecosystem 
services (Hassan et. al., 2005, Vuletić et al., 2010, Ferre et 
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ner, writing about productivity among different poplar cul-
tivars is often unpopular, due to the only one considered 
- productive function. Nevertheless, from wider perspective 
an optimal utilisation of soil productive capacities in forest 
cultures/plantations can contribute in lessening the pres-




al., (2017) interest of planting poplar on forest land has in-










agement and to help practical land management (Sanchez 
et al., 2009). The practical importance of the soil and the 
silviculture productivity data management can be recog-
nized particularly at a local area. Precise maps of local soils 
might be produced following to detail edaphic research, 
aiming at site map as final output. 
Data gathering on tree species occurrence is consisted in 
local forest surveys. The surveys encompass data on tree 
species distribution, productivity and threatening factors, 
within approximately same site conditions (at forest sec-
tion level). Regionalizing of poplar cultivation with key 
planting clones and productivities of poplar plantations has 
been studied in economically most developed countries as 
the USA (Zalesny et al., 2012) and China (Sheng, 2008).  In 




the internal forest management unit (FMU) delineation 





cro relief and after that for precise soil map. In the part near 
the riparian zones we can found mixture of different soil 
types with  unequal  productivity  in  poplar  plantations 
(Živanov and Ivanišević, 1986). For that reason, a soil type 
within a section can occur exclusively, or in a complex with 
the other soil types. 
The first objective of this paper was to assess which soil 
subunits (soil systematic unit) condition the highest pro-
ductivity for poplar plantations. Thereafter, the aim was to 
enable consistent forest section delineation, based on the 
interaction of productivity properties of soil type and the 
Populus x euramericana I-214 productivity dataset. These 













basin formed by Salix alba, Salix fragilis and often Populus 




eastern Europe, usually dominated by Quercus robur and/
or Fraxinus angustifolia, with varying admixtures of Ulmus 
minor, Ulmus laevis, Carpinus betulus, Acer campestre, Al-
nus glutinosa, Fraxinus excelsior, Salix alba, Populus alba.
The following raster layers have been used: soil systematic 
unit distribution, DEM and the tree species distribution 
(according forest management plan data – FMP for period 













age was used  for  interpolation,  resulting  in 3D  terrain 




formed,  using  the Classification  of  soils  in Yugoslavia 
(Škorić et al., 1985) and compared with WRB classification 
(FAO 2014). The key presumption was that soil cover pat-










into account physiological active soil depth. The eugley soils 
were delineated according to physiologically active soil 
depth in a soil profile consequently referred to as α, β or γ 




changes in physiological active depth leads to consequential 
changes in productivity of the tree species. In particular, 
Figure 1. Overview of Forest Management Unit Muzljanski rit
Slika 1. Zemljopisni položaj Gospodarske jedinice Muzljanski rit
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Figure 2. Systematic soil units - according Galić et al., 2014





on  inputs of  site  survey;  forest management plan data 
(FMP) for period 2010 - 2019; and spatial soil distribution 
according to tree species productivity (in our case Populus 
x euramricana I-214). In site survey of soil profile network 
on the management unit level we collected data of: relief 
(meso and micro), vegetation (trees, shrubs and ground 
floor), groundwater level, soil morphology with horizon 
description, soil physiologically depth. Forest management 
449GALIĆ, Z. et. al.: ANALYSIS OF SOILS SPATIAL DIFFERENTIATION AND PRODUCTIVITY IN FOREST MANAGEMENT UNIT MUZLJANSKI RIT
Figure 3.  3D terrain model
Slika 3. 3D model terena
plan data include data for diameter, basal area, volume, in-








value of stand characteristics (diameter, basal area, volume, 
increment),and share of soil systematic unit (subunit) at the 
level of forest section within V age class. The cluster analysis 













forest section delineation, based on the interaction of pro-
ductivity properties of soil type distribution and the Popu-
lus x euramericana I-214 productivity dataset.
In FMU Muzljanski rit humogley is the most common soil 




mogley soil and on the three systematic units of eugley soil 
on the total area of  741.17 ha. On humogley the cultures 
occupied 496,35 ha, while on other three units 239,61 ha. 
The most productive systemic unit (referred to the β/γ gley) 
occupies an area of  23,21 ha (Figure 5).
Forest stand delineation into sections pointed to the fact 
that, a single section, Populus x euramericana I-214 was cul-
tivated on the same soil type (humogley) on the 120.39 ha. 
The spatial analysis also showed that other systematic units 









ering the surface over 1 ha, calculated in the areal units, is 










in productivity of Populus x euamericana I-214 plantation 
on humogley, compared to section on multiple soil types 
conducted further discussion. In another direction, research 
based only micro-relief basis can lead to conclusion for re-
place or substitute poplar plantations under changed site 
conditions towards a stand (Anić, 2018, Galić et al., 2020a) 
without spatial distribution of proposed tree species. In spa-
tial analysis any systematic soil unit (site) has certain prop-
erties. The results of different productivity of plantations 
Figure 4. Determined soil types in FMU Muzljanski rit
Slika 4. Determinirani tipovi tala
Figure 5. Proportional share of soil types under cultures of Populus x 
euramericana I-214
Slika 5. Udio tipova tala pod nasadima topola
Figure 6. Average participation in section with two or more soil unit
Slika 6. Prosječni udio po odsjecima sa dva ili više tipova tala
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could be explained by significant influences of site (McCarty 




















furthermore indicated by portion of the total sand fraction 
at microsites (Fuhrer et al., 2009, Bradley Pinno et al., 2010, 
Galić, 2010, Galić et al., 2018).
Tree diameter structures (diameter at breast height) is the 
first parameter indicating productivity of the plantations. 





grouped in the 27.5 cm diameter degree. A special case re-








ity value (Màrkus et Mészàros, 2000, Petraš et al., 2008a). 
The most valuable assortments are those of 35 cm mean 
diameter (F logs) and 30 cm (L logs).  However, the diam-
eter structure in FMU Muzljanski rit points to the fact that 




Table 1. The minimum, maximum and the total area over than 1 ha in section with two or more soil unit




Average participation – in 
section







Total area over 1 ha
Ukupna površina iznad 1 ha
% Ha ha ha
a gley 3,03 0,0052 5,0485 5,05
b gley 13,72 0,0017 9,9235 23,93
b/g gley 37,36 0,2264 9,9848 63,34
Humogley 45,89 0,8166 9,2568 70,63
Figure 7. Influence of soil type on soil productivity in diameter classes
Slika 7. Utjecaj sistematske jedinice tla na produktivnost nasada
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1. On β gley the average volume was 122.52 m3ha-1, while 
the most productive was the β / γ gley with average volume 
of 193.3 m3ha-1 (Figure 7, as sum of all diameter class). Vol-
ume on the β / γ of the aforementioned most valuable as-
sortments was 102.11 m3ha-1 (52.82% of the total volume). 
On the β gley was found 37.36 m3ha-1 in average. Plantations 
of Populus x euamericana  I 214 on the humogley in the 
complex with the other soil types as well as on the humog-
ley as the only soil type within a section, have reached sim-
ilar timber volume of the most valuable timber assortments 
(59.7 and 58.8 m3ha-1 respectively). However, the larger 
share of other soil types in a section, the better productivity 
was confirmed as well as higher-quality of wood which has 
the higher utility value and price (Petraš, 2008b).
Figure 8. Participation of soil systeamtic units in soil mixtue and productivity of Populus x euramericana I-214 plantation – V age class
Slika 8 Udio sistematskih jedinica tala i produktivnost Populus x euramericana I-214 u V dobnom razredu
Figure 9. Cluster analysis of soil systematic units on productivity of Populus x euramericana I-214 plantation
Slika 9. Klaster analiza utjecaja sistematskih jedinica tala na produktivnost Populus x euramericana I-214





in Populus x euramericana I-214 plantation (Figure 8).
The increasing trend of α and β gley, likewise humogley, 




creases the average timber volume per section. Statistical 









Figure 10. PCA analysis of soil systematic units on productivity of Populus x euramericana I-214 plantation
Slika 10. PCA analiza utjecaja sistematskih jedinica tala na produktivnost Populus x euramericana I-214
Figure 11. Correlation analysis of share of eugley β/γ and humogley with plantation productivity
Slika 11. Korelacijska analiza udjela močvarno glejnog β/γ i ritske crnice sa produktivnošću nasada





gley in relation to humogley leads to increase of plantation 
productivity (Figure 10). However, if we consider that the 









productivity of Populus x euamericana  I 214 plantations. 
Significant reduction of the productivity on humogley is 
already noticeable if its portion is 30% or larger of the sec-
Figure 12. Soil mixture in Populus x euamericana I-214 plantation
Slika 12. Kompleks tipova tala pod nasadima Populus x euamericana I-214
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tion area. To the contrary, increase in 30% or more of β / γ 
gley share increases the productivity.
Plantations of Populus x euramericana I-214 on the two or 
more soil systematic units in a section larger than 1 hect-
are are concentrated in the FMU (Figure 12). The spatial 






species or its cultivars, heading to an increase in produc-
tion characteristics in the researched area. Potential stable 
and vital species are represented as pedunculated oak on 
researched area on humogley and shallower systematic 
units of eugley soils.
Increasing in the production characteristics would improve 
more easily fulfillment of other forest functions/services as 
reducing the pressure of natural forests and climate change 





lar x euramericana I-214 plantations.
Increase of α and β gley and humogley in soil mixture in-





than 30%) and  it was a  slightly positive correlation  (r2 
0.3745). Although this correlation is statistically weak, in 
terms of studying the properties of the soil is an important 
value -  because productivity analysis was performed based 
on the average volume.
Optimizing the land use would result in reasonable substi-
tution of tree species or its cultivars, heading to an increase 










































































tion methods and plant types on the establishment of poplars 









































for siting poplar energy production systems to increase produc-












































na sortimentne strukture nasada Populus x euramericana I-214. U najvećem broju slučajeva, kao zam-
jenska vrsta na humoglejevima i fiziološki plićim sustavnim jedinicama bio bi hrast lužnjak kao sta-
bilna i vitalna vrsta. Na osnovi prostornog rasprostranjenja tala to se vrlo jasno može definirati, a u 
konačnici se i ispunjavaju ostale funkcije šuma.
